. The intertidal gastropods (Gastropoda: Mollusca) diversity and taxa distribution in Alas Purwo National Park, East Java, Indonesia. Biodiversitas 20: 2016-2027. Gastropods play an essential role in the ecosystem and can be used as bioindicators of environmental pollution. Understanding of their behavior, habitat, and distribution, and how these factors evolve, is crucial. This paper aimed to describe the diversity of the gastropod community and their spatial taxa distribution, based on the specimen frequency across all observed samples, in the diverse environment of Alas Purwo National Park (APNP), East Java, Indonesia. We studied eight beaches and two mangroves areas, and the study areas of the intertidal zone divided into upper, middle, and lower zones towards the sea. The purposive sampling was used to determine the locations and multi-plot quadrats for observations. The diversity of gastropods was elucidated by using the Shannon and Simpson indexes, while the Morisita index was applied for analyzing their spatial distribution pattern. However, the correspondence analysis and principal component analysis were performed using the software of PAST 3.22 for describing the diversity profile and individual rarefaction of gastropods together with environmental quality. There were three beach types: rocky, sandy, and muddy beaches were found in APNP. The highest diversity index (H') was found on Pancur beach: H' = 3.271, D = 0.947 of 67 species. The spatial distribution pattern of gastropods species was weakly clumped to random, with Ip: 0.165 -0.016. Gastropods, both predators and scavengers, were distributed from the upper to lower zones. The distribution of gastropods in APNP is mostly in type B. These results expand our knowledge of gastropods diversity and distribution of Indonesia's beach and can contribute to the future environmental assessments of biodiversity of tropical intertidal zones worldwide.
INTRODUCTION
Intertidal zones provide a habitat for a plethora of marine organisms. We do understand that it's an extreme environment influenced by the tidal rhythm of the sea. Tidal levels (high and low) are the most important factor for marine life in intertidal zones because during the day, at the lowest tide, the high temperatures and sunlight radiation make the bottom very dry (Nybakken 1992) . The fact of terrestrial disturbance is fatal to this zone. There are three main environmental gradients at the seashore: (i) the vertical gradient, (ii) the horizontal gradient, and (iii) the particle-size gradient. These gradients have a very specific environmental character. The increase of environmental stress is clearly shown across the vertical, intertidal gradient. Organisms are subjected to increased stress in this area. They need adapted structures, behavior, and functional capability to survive. The freshwater inflow into intertidal zones also increases physical pressure (Thatje and Brown 2009 ). Short (2012) purposed the beach system pattern and shore system, including many shapes of beaches and shores conduct to prosses called morphodynamic, but he did not focus on Gastropods distribution. Gastropod communities can be found in the deep sea (Braga-Henriques et al. 2011; Kantor et al. 2013; O'Dwyer et al. 2014; Hoffman et al. 2018) .
Gastropods are the biggest class of Mollusca comprising 80% of this phylum (Strong et al. 2008) . The distribution of organisms is influenced by physical factors, and ecological communities vary widely through time and space. Environmental variables are related to the taxonomic diversity of organisms (Koperski 2010; Scrosati et al. 2011; Marques et al. 2013) . Spatial distribution patterns matter, as they are often used to support ecologically sustainable marine management information (Degraer et al. 2007; Schlacher et al. 2014) . The distribution and diversity of gastropod communities in intertidal zones are influenced by environmental factors, such as temperature, DO, pH, salinity, and CO2 (Parker et al. 2013; Wittmann and Pörtner 2013; Llovel and Terray 2016) . The radical fluctuations and changes in the environment cause stress, and greatly affect intertidal organisms (Harley et al. 2009; Nguyen et al. 2017 Nguyen et al. 2012 Abraham et al. 2013; Kroeker et al. 2013) , including gastropods. They are also influenced by biological disturbance, such as introduced and invasive species (Raffo et al. 2014) .
Biotic communities of the beach render essential services which are unavailable in other ecosystems and cannot be replaced (Marshall and Banks 2013) . Intertidal gastropods play a significant role in marine life and keep the ecosystem in balance. Gastropods play different roles in the food chain, from herbivores, fungivores, carnivores, and omnivores, to scavengers, detrivores (Alongi 2009 ) and parasites (Hoeksema and Gittenberger 2008) , and function as control of biodiversity in the intertidal zone. Many environmental assessments have studied gastropod communities as bioindicators of environmental pollution (Susintowati and Hadisusanto 2014; Van der Linden et al. 2016; Suratissa and Rathnayake 2017) . It is therefore essential to understand their distribution, niche, and behavior, and how these factors change over time. According to Pfaff and Nel (2019) , despite these extreme conditions in the intertidal zone, organisms adapted to various niches with high densities of sessile, or sedentary, organisms. Their case shows striking similarities to other places around the world. Benthic organisms in intertidal zones are influenced by and respond to coastline changes (Yang et al. 2018) . This behavioral adaptation of intertidal gastropods constitutes a fundamental evolutionary advantage when facing a fluctuating environment (Chapperon and Seuront 2011) .
Previous studies compared only a few beach gastropod communities, at one point in time, typically on a single beach type or in a single mangrove. Those previous studies are Mujiono (2009) studied mud whelks in Ujung Kulon National Park and Irma and Sofyatuddin (2012) studied gastropods in Aceh. Yolanda et al. (2016) conducted fieldwork on the Riau islands, while Rumahlatu and Leiwakabessy (2017) carried out research in Ambon. There is no complete marine gastropod record in APNP. This study aimed to describe the diversity of the gastropod community and the spatial taxa distribution pattern based on its frequency in APNP. APNP is a very diverse biotope of tropical beaches and shores. It has everything from rocky shores, sand beaches (black and creamy sand) and muddy shores, to seagrass beds, estuaries, and mangroves. We used this area because APNP is an undisturbed and natural conservation area. Vertical distribution littoral assemblages were studied earlier by Chappuis et al. (2014) covering the upper supralittoral to the upper infralittoral zones (-1 m). This research focuses on gastropod diversity and taxa distribution patterns from the upper to the lower intertidal zone. The results contribute to our understanding of Indonesia's beach habitats and could help future environmental assessments of intertidal zones in other tropical Pacific areas.
MATERIALS AND METHODS

Study area
We observed eight beaches and two mangroves in Alas Purwo National Park (APNP) of East Java, Indonesia. The region of APNP wide is ±62,000 ha: East to North East side face on Bali strait, South West to South East face to Indian ocean. The coordinate sites are Bedul Mangrove (BDL M) S 08º 35' 40.2' E 114º 15' 41.4", Bedul Beach (BDL B) S 08º 36' 07.3" E 114º 15' 29.4", Trianggulasi (TRG) S 08º 39' 23.0" E 114º 21' 35.3", Pancur (PCR) S 08º 40' 55.1" E 114º 22' 22.9", Plengkung (PLE) S 08º 43' 46,7" E 114º 21' 04,2", Jatipapak (J PPK-mangrove) 08º 32' 08.1" E 114º 22' 23.4", Perpat (PER) S 08 º36' 18.8" E 114º 25' 24.9", Slenggrong (SLE) S 08º 38' 03,6" E 114º 26' 31,8", Tanjung Sekeben (T SEK) S 08º 37' 25.5 E 114º 28' 00.5", Tanjung Batu (T BT) S 08º 41' 13.9" E 114º 35' 11.0". Administratively, the study site is located in Tegaldlimo Sub-district, Banyuwangi District, East Java Province, Indonesia. The study sites are shown on Figure 1 .
Slenggong and Perpat are muddy beaches with seagrass towards the open sea and coral reefs. Slenggrong consists of magnificent black sand, which turns to mud due to the seawater. Slenggrong also has mangrove trees. Prepat beach ranges from very fine white sand to coarse silt and also has mangroves. The sand and silt turn into a sticky mud in several places. Although APNP is a conservation region, some sites are open to the public as part of ecotourism: Pancur, Bedul (mangrove and beach) and
Plengkung (rarely open to the public). Tanjung Sekeben and Tanjung Batu are closed to the general public as they are far-flung and hard to reach.
Procedures
We used purposive sampling to determine the locations, shore tracking, and multi-plot quadrats for the gastropod population, with three transect lines per site and 20-25 plots per line (Tongco 2007) . The distance between the transect lines was 100-300 m, depending on the site. The plot size was 4 m 2 . We observed during the day at very low tide (from July 2016 to December 2017). The distribution pattern was based on the cumulative taxa frequencies (families and orders). We divided the beach area into three subzones (upper, middle, and lower) across the intertidal zone (the size of transect line depended on the beach type). First, we divided the line transect into four parts. The first part, in the border of the terrestrial zone, was marked as the upper subzone, the second and third parts as the middle subzones, and the last part as the lower subzone ( Figure 2 ). We measured water physicochemical parameters including water temperature, air temperature, sediment temperature, pH, salinity, water dissolved oxygen, air dissolved oxygen, CO2, PO4, and NO3. All environmental factors were measured in situ. Gastropod species were identified using reference and identification monographs and literature (Dance 1992; Poutiers 1998; Dharma 2005; Eichhorst 2016 ), online shell guide catalogues, such as Hardy's Internet Guide to Marine Gastropod (& Near Classes) and the World Register of Marine Species (WoRMS), and confirmed using paratypes of the shell collection in the Museum of Natural Sciences in Brussels, Belgium. 
Data analysis Intertidal gastropods diversity
The diversity was analyzed using the Shannon-Wiener diversity index, taking into account the number of specimen (individuals) as well as the number of taxa. The formula of the Shannon-Wiener index (Harper 1999) is:
and for some measurements, we used the Simpson's diversity index: D = ∑ ( ) 2 We used PAST 3.22 software to show the diversity profile (Hammer et al. 2001 : updated in December 2018), autocorrelation, individual rarefaction and corresponding analysis (CA) for drawing family distributions. Order and family taxa distributions were patterned by their frequency. Environment quality factors in all sites were evaluated using principal component analysis (PCA).
We established the diversity profile using Tothmeresz' (1995) method. This profile compares the distributions of all the samples. It is caused by the arbitrary choice of the diversity index. We compared the diversity indices to make sure that the diversity ordering in robust. We used the Reyni index in which the parameter α is the central value. For α = 0, this function gives the total species number, α = 1 (in the limit) gives an index proportional to Shannon's index, while α = 2 gives an index which behaves like Simpson's index.
S is number of taxa and pi = .
We used individual rarefaction to compare the species richness in the different samples. It's based on the algorithm used by Krebs (1989) , using the gamma function applied by Adrain et al. (2000) . It shows the number of taxa in the samples of all sites, including the highest and lowest observations.
N is the total number of individuals in the sample, while S is the total number of species (taxa), and Nj is the number of individuals of i species. In addition, the E (Sn) is the expected number of species in n (a sample of species) and V (Sn) is the variance. The confidence interval is 95%, based on 2,000 replicates.
Intertidal gastropod distribution
We used the Morisita index to determine the spatial distribution of species, while the corresponding Analysis (CA) showed the taxa (family) distribution that applied by the ordination technique analysis. It's similar to the principal component analysis. We compared the number of taxa across all datasets/samples. It's used to predict the species which have unimodal responses to the niche. The CA is a composite diagram assuming a linear response. The association would follow this plotting if the taxa are 'well behaved' (Hennebert and Lees 1991) . The order distribution was then added to the intertidal zones represented in Figure 2 .
Morisita Index (Krebs 1999) :
Morisita index degrees (Smith-Gill 1975) :
Note: n for plot sample number; x for individual number; if Ip <0 for a uniform distribution; Ip = 0 for a random distribution and Ip>0 for a clumped distribution. The degrees (Ip) derived from the Morisita index (Id) were used as an indicator of spatial distribution.
RESULTS AND DISCUSSION
Intertidal gastropod diversity in APNP
We register 22,481 specimens gastropods consisting of 148 species, 60 genera, 36 families, and 10 orders. We have not included a list with the names of the species in this report, but such a list can be obtained for specific identification purposes by contacting the authors. Pancur beach boasted the greatest diversity, with 67 species, while Trianggulasi and Bedul beach had the lowest diversity with only two species (Tabel 1). Of the 148 species, 20 were Neritidae and 19 were genus Nerita. Nerita was present on all the sites, excluding the sandy beaches.
The Shannon Diversity Index (H') value shows the diversity: H'<1 = low, 1<H'<3 = moderate and H'>3 = high. The highest value of H' was in Pancur: 3.271, likewise for the Simpson Diversity Index (D): 0.947 ( Figure 3 ). This means that, of all the sampled sites, Pancur beach has the highest gastropod diversity. Pancur is a rocky shore but also has sand in its upper zone (type A). The two mangroves which we investigated are also shown: Bedul mangrove H'=2.138 and D = 0.837 and Jatipapak mangrove H' = 1.499 and D = 0.718. We discovered 20 species in Bedul mangrove and 12 species in Jatipapak mangrove. Trianggulasi and Bedul beach are sandy beaches. Both sites contained Oliva oliva taeniata Link, 1807, while O. tigridella Dulcos, 1835 was found on Bedul beach and O. todosina Duclos, 1840 on Trianggulasi beach. Bedul flat is part of a lagoon that opens up at low tide.
Bedul lagoon had H' = 0.955 and D = 0.467. We found six species on this site. The Shannon-wiener and Simpson diversity index values of gastropods in Perpat and Slenggong beaches were estimated as 1.703 and 0.679 for Perpat beach, and estimated as 1.620 and 0.678 for the Slenggong beach. We discovered 24 species in Perpat and 33 species in Slenggrong beaches. However, a plethora of Nassarius could be found on both sites. The seagrass community was located on the first and second transect of Plengkung, and in small areas of Pancur, Perpat, and Slenggrong. The seagrass community was not found in Tanjung Sekeben and Tanjung Batu. It was located from the middle to lower zone
The diversity profile of Figure 4 explained the taxa diversity of H' (on α=1) and D (on α=2). Individual rarefaction shows the abundance of individuals on the sites and taxa diversity. It's possible that the taxa diversity is low while the individual number is abundance; hence we need to show the images together. The beaches with abundant of individuals number of gastropod communities were found in Pancur (9055 individuals (Table 1) .
Intertidal gastropod distribution in APNP
The degrees (Ip) values of Morisita index (Id) were used as an indicator of the spatial distribution pattern of gastropods. At all sampled sites, the spatial distribution patterns of gastropods were weakly clumped. The highest Ip score was found in beaches of Tanjung Batu (0.165), following by Bedul lagoon flat (0.129) and Jatipapak (0.119). Since Ip values exceeded to zero for all three sites, this indicates clumped distributions. The Ip value of gastropods distribution pattern for most of sampled sites were nearly to zero including Trianggulasi (Ip = 0.066), Plengkung (Ip = 0.060), Perpat (Ip = 0.051), Bedul mangrove (Ip = 0.050), Slenggrong (Ip = 0.041), Pancur (Ip = 0.028), Tanjung Sekeben (Ip = 0.018) and Bedul (Ip = 0.016). Those Ip values indicate weakly clumped, or even random distribution pattern of gastropods in these beaches. Figure 4 notes the frequency of every species in their subzone niche. The pattern shows the horizontal distribution of the gastropod community up to the sea. Species have their specific niche or may share it with other species, which is called niche overlap. The species we met in each plot were found in a suitable place, supported by habit and survival effort from drought stress at low tide. The corresponding analysis ( Figure 5 ) was presented for elucidation the distribution pattern of gastropods in their niche. The graphs below indicate in which subzones of families and orders were located. If a family or order was found in two subzones, it's located on the connecting convex hull lines of the graph below. However, if a family or order was distributed in all subzones, it's located in the middle of the convex hull frame. A specific subzone means the family or order was located in one subzone only. The gastropods found in each plot of this study indicated their suitable habitat that might be supported the routine and survival effort from drought stress at low tide of gastropods. Figure 6 describes the Principal component analysis (PCA) of the chemical-physical condition of sampled sites. The highest salinity was found in Tanjung Batu (35‰) and the lowest salinity was found in Bedul lagoon (21.67 ‰). The sites of Bedul, Trianggulasi, Pancur, and Plengkung beaches were located in the same direction ( Figure 6 ). The environmental conditions of water, sediment, and air temperature varied, and the overall temperature was found in normal condition (27-32°C). The highest temperature (measured at noon) was in Pancur and Jatipapak beaches. Nontji (2007) noted that the temperature in the intertidal zone can reach 35°C in the daytime, especially at low tide. Based on the tide tables of Banyuwangi region of 2016-2017, the tide range in this site is 0.500-2.500 m. Water acidity degrees (pH) ranged 6.397-11.333. The lowest pH was found in Bedul beach, and the highest was found in Pancur beach. According to Nybakken (1992) , dissolved oxygen, nutrient and pH are not direct influences on the intertidal organism community, but it becomes an important factor for some conditions. Water dissolved oxygen ranged 21.100-15.567 mg/L and air dissolved oxygen ranged 16.567-24.767 mg/L. However, the CO2 concentration in water ranged 0.083-0.868 mg/L, and the lowest was in Plengkung beach, while the PO4 -(P) in water concentration ranged 0.100-2.000 mg/L.
Discussion
Marshall and Banks (2013) mentioned that the conditions of beaches are vulnerable to change. The cause of these sensitive conditions stems from both a naturally dynamic physical environment and human-made impacts. According to Jones et al. (2009) , climate change, erosion, resource depletion, shoreline hardening, off-road vehicles, beach cleaning, pollution, fisheries, sand removal (mining), and introduced species are the principal threats to beaches. Following Brewer's argument (1993) about habitat selection, if the habitat is suitable and acceptable, animals will settle, establishing territories and reproducing offspring, but if the habitat is unacceptable, animals will return to the first stage of exploring their environment in search of a satisfactory area. Human disturbance should not be a problem in these places as they are protected. However, ecotourism could be responsible for some disruption. Rumahlatu and Leiwakabessy (2017) studied a similar beach type on Ambon around the same time that this study was carried out. They found 65 species and a Shannon index (H') of ± 3.6. Lower diversity index scores were found on the rocky shores: Plengkung H' = 2.643, Tanjung Sekeben H' = 2.612, and Tanjung Batu H' = 1.885 (the lowest score). This means that the gastropod diversity of those sites was low to moderate but the number of species still significantly higher than that of Ambon Island (Rumahlatu and Leiwakabessy 2017) and that of the Wakatobi Islands, the latter having only 10 species (Rahmayanti et al. 2018) . According to Rodríguez-Revelo (2018), ecosystem services provided by beaches and coastal dunes are used in order to design and implement adequate management practices that conserve the ecosystem, but we did not find sand dunes in APNP, not even in Trianggulasi nor Bedul, which are sandy beaches. Pancur has more diversity than other rocky shores, 40.54% of all species in all sites. Gladstone et al. (2007) described biodiversity on fifteen rocky shores. He discovered 230 species, representing 74% of all species and 48% of rare species. It is likely supported by a coral rock which creates shelter and hiding places during low tide. The shade in these pools is perfect to protect organisms from drying out, which is the most serious problem facing life in the intertidal zone. Rocks act as barriers from waves and wind, and animals can crawl under them to escape predators. The weakness from low tide stress makes them easy prey. During our fieldwork, we discovered a few gastropods hunting others: Thais tuberosa (Röding 1798) hunting Siphonaria javanica (Lamarck 1819). Thais belongs to Muricidae. According to Peharda and Morton (2005) , Muricidae acts as a predator family in relation to other gastropods and Bivalvia. Muricidae as predators have also been proven by Tan (2008) and it as the predator is recognized even in the fossil record (Cenozoic age). Muricidae were strongly present in all subzones. Predators are necessary for maintaining a healthy population and ecosystem. The sites sampled in this research illustrate that the rocky shore has higher diversity than other beach types. Rocky shores are very important in providing homes to many organisms (Marshall and Banks 2013) . Seaweed covered the ground from the middle to lower subzones. The seaweed community is a food source for many organisms in this habitat (Nybakken 1992) . Pancur also supports a sandy shore above the rocky area.
Fine sand here is covered by seagrass. We discovered nine burrowing habit species. The big three abundance species with a burrowing habit are Nassarius acuticostus (Montrouzier 1864), Rinoclavis sinensis (Gmelin 1791) and Conus coronatus (Gmelin, 1791) . The burrowing habit of gastropods was studied by Vanagt et al. (2008) and Vermeij (2017) . Rhinoclavis sinensis prefer to burrow in small sand pockets on reefs. The small sand pocket of this site was on the front of the upper subzone in between the rocks and in sandy and rocky areas overgrown by seagrass. Neritidae mostly lives on seaweed (Leite et al. 2009 ) and seagrass (Unabia 2011; Rossini et al. 2014) . They were distributed from the upper to middle subzone, this results were supported by Alavi-Yeganeh (2016) . He studied Neritidae on the northern coast of Iran to estimate the distribution of four Nerita species and their size mass. The predators were distributed from the upper to lower subzones, while herbivores were distributed where food was available (Figure 7) .
We discovered five species of Nerita in Pancur out of 19 Nerita species in all sites. As herbivores, Nerita was distributed where seaweed and seagrass were available. Nerita plicata Linnaeus, 1758 always settled on the rocks of the upper subzone. The settling of organisms in their respective habitats are interconnected: they depend on one another. Hay (1997) described the habit of feeding on calcified seaweeds of some herbivores as both complex defense mechanisms of seaweed and gastropod predator behavior, trophic relationships and valuable as habitats. Seaweed flourishes as grazing avoid overgrowing. It's a safe place to hide from predators and the calcium in seaweed thalli supplies calcium needs. The relationship between seaweed and gastropods is thus both complex and valuable.
Coexisting species on sandy beaches use other sources for a living (e.g., detrivores, suspension feeders, deposit feeders) and also different reproductive modes (e.g., pelagic larvae, brooding). They occupy different zones of the intertidal area (Brazeiro 2001) . Sandy beaches seem poor in organic matter. Diversity in Bedul beach and Trianggulasi were very low, but Defeo et al. (2008) mentioned that invertebrates (Mollusca: gastropods included) could reach high abundance (ca. 100,000 ind/m) and biomass (>1000 g/m), especially in dissipative to intermediate beach types in temperate zones. Composition and abundance of invertebrate aggregation in sandy beaches are controlled primarily by the physical environment, intertidal swash and sand conditions. The Oliva oliva taeniata, O. tigridella, O. todosina belong to Olividae family and distributed in sandy beaches, while the only three species were found in this area because of the rocky shore beach is the extreme habitat for borrowing gastropods. The Olividae is one of the burrowing habit gastropods (Vanagt et al. 2008) , and are scavengers and deposit feeders, and therefore rocky shore beach is the unfavorable area for borrowing gastropods. This study clearly described the beaches with muddy and seagrass beds having higher diversity than sandy beaches. This is because the seagrasses provide shelter and substrate for many organisms (fauna and flora), and these habitats are important nursery and feeding areas (Baeta et al. 2011) . Perpat site is the beach with a white muddy shore as the bed of the seagrass community, but Slenggrong beach has black mud as a seagrass bed. The seagrass is a vast food source of gastropods (Holzer et al. 2011a; 2011b; Fong 2018) . The genus of Nassarius was abundance in both sites including Nassarius pullus and N. jacksonianus. De Lucena et al. (2012) noted that Nassarius has a scavenger and burrowing habit (Azeda et al. 2013) . Muddy habitat supports Nassarius to dig and burrow through the sediment and search of detritus. Dorgan et al. (2006) explained the muddy sediments are adhesive and resist deformation. Muds are elastic solids that fracture under small tensile forces exerted by burrowers. A great many anatomical features of burrowers can now be understood analogously. Burrowers need to exert force through peristalsis to make their way through these sediments. Kawaroe et al. (2016) described the gastropod communities in four sites of Indonesia's seagrass ecoregions. Several species such as Lambis lambis and Conus eburneus are seagrass gastropods. In addition, Smaragdia viridis is true grazers of seagrass (Holzer et al. 2011a) , and showed high abundance in the seagrass bed. Mud snails are grazed not only on seagrass but also on seaweed of Ulva spp. (Arau´jo et al. 2015) . The existence of parasitic gastropods was noted by Hoeksema and Gittenberger (2008) and Nekhaev (2011) , and we found one parasitic gastropod of Melanella randolphi on sea stars that habited in the middle subzone of the beach types A and C.
Telescopium telescopium and Elysia leucolegnote were present in Bedul mangrove while Cerithium coralium were in front of the border of the mud bed near mangrove trees in Jatipapak beach. The diversity of gastropods in APNP differs seemed to different as of the study reported by Irma and Sofyatuddin (2012) . They found gastropod communities in Aceh beach after three years of the tsunami, although the gastropods of Nassarius olivaceus and Littoraria scabra (Linnaeus 1758) are present at both APNP and Aceh beaches. The L scabra are common gastropods that habited on the trunk of Sonnerantia alba (Smith) in Perpat and Slenggrong beaches. Alvaro (2007) reported that L. scabra is the common species of the genus Littoraria in mangroves ecosystem. Here, it seems that L. scabra is following a migration pattern from the mangrove area downwards to the tide. Meanwhile, the only species of Plakobrachidae of E. leucolegnote was found in Bedul mangrove. According to Swennen (2011) and Takano et al. (2013) , E. leucolegnote is one of two Elysia species as specific Saccoglosan in mangroves, aggregated on soft mud in shallow, shaded pools during low tide.
The present results showed clearly distribution of gastropods in the coastal zone. The gastropods as the member of Fissurelidae family are specific in the upper zone, while the gastropods belonging to Olividae family are colonized in the middle subzone. On the other hand, the gastropods belonging to Phasianellidae and Coralliophilidae families are habited in the lower subzone. However, most of gastropods species belonging to Neogastropods order are showed wide distribution areas from the upper to the lower subzone. Other gastropods belonging to Coralliophilidae and Olividae families located specifically in subzones only. Mostly, the gastropods as the member of Olividae family live in the deep sea, but they were found exclusively in the middle subzone in sampled sites of the present study. Niamaimandi et al. (2017) also found them in the intertidal zone. According to the CA (Figure 7) , the horizontal taxa distribution pattern on APNP beach is described clearly. The specific distribution pattern of gastropods taxa showed as a type B, because it dominated by Olividae order Neogastropods, and are quite rare in the upper subzone. There are 71 species of Neogastropod order that distributed from the upper to the lower zone. The biggest family is Neritidae and belongs to Neritimorpha order. Moreover, the 19 species of Neritidae family are distributed from the upper to middle subzone, while the gastropods as the member of Aplysiomorpha are distributed from the middle to lower subzone. However, the temporal dynamic distribution of gastropods must be evaluated (Moreira et al. 2010) . Meanwhile, the analyzing of spatial distribution an organism is significantly affected by the estimation method (Requia 2018) . The information on the distribution pattern of organisms could be useful for environmental assessments or investigations into the effects of anthropogenic disturbance based on their niche in this ecosystem.
In conclusion, high diversity of gastropods was found in APNP that consisting of 148 species, 60 genera, 36 families, and 10 orders. The Neogastropoda is the biggest order of gastropods with 71 species. The larger gastropods are members of the Neritidae and Muricidae families, and 19 species of Neritidae family are a member of Nerita genus. The highest diversity index (H') was found on Pancur rocky shore: H' = 3.271, D = 0.947 of 67 species, it means 40.54% of all species in all sites. The lowest diversity was on sandy beaches, Trianggulasi and Bedul. The diversity is very high in the place where Gastropod can hide and more sources as food. The taxa distribution tone of rocky beaches and muddy beaches are similar to sandy beaches. Neogastropods are distributed from the upper to lower subzones. Therefore, the distribution of gastropods in APNP well described by corresponding analysis, and mostly is a type B distribution pattern. This information could be useful for sustainable management of coastal biodiversity.
